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Product/Service-Systems that focus on selling service and performance instead of products are 
often mentioned as means to realize a Circular Economy, in which economic growth is decoupled 
from resource consumption. However, a Product/Service-System is no implicit guarantee for a 
Circular Economy, and Circular Economy strategies do not necessarily lead to decoupling 
economic growth from resource consumption in absolute terms. Absolute resource decoupling only 
occurs when the resource use declines, irrespectively of the growth rate of the economic driver. In 
this forum paper, we propose a two-step framework that aims at supporting analyses of 
Product/Service-Systems and their potential to lead to absolute resource decoupling. In the first 
step, we present four Product/Service-System enablers of relative resource reduction that qualify as 
Circular Economy strategies. In the second step, three subsequent requirements need to be met, in 
order to successfully achieve absolute resource decoupling. Conditions and limitations for this 
accomplishment are discussed. Danish textile cases are used to exemplify the framework elements 
and its application. We expect that the framework will challenge the debate on the necessary 
conditions for Circular Economy strategies to ensure absolute resource decoupling.  
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<heading level 1> Introduction  
The Ellen MacArthur Foundation has stated that “The circular economy provides multiple value 
creation mechanisms that are decoupled from the consumption of finite resources.” (Ellen 
MacArthur Foundation 2015a, p. 22). Circular Economy (CE) is increasingly seen as a solution to 
tackle the current resource scarcity issue while ensuring economic growth and job creation (EC 
(European Commission) 2015).  
CE is often linked to the performance economy, where goods are sold as services through 
business models based on renting, leasing and sharing, while the manufacturer retains ownership of 
the product (Stahel 2010). The idea of using “a mix of tangible products and intangible services 
designed and combined so that they are jointly capable of fulfilling final customer needs” (Tukker 
and Tischner 2006a, p. 1552) is at the core of the Product/Service-System (PSS) concept.  
In the editorial of Journal of Industrial Ecology’s special issue on CE, PSS were highlighted as 
means to facilitate CE through e.g. product life extension and product sharing (Bocken et al. 2017). 
Given the fact that PSS are often mentioned as means to realize CE, there is a risk that all PSS 
could be perceived to have this potential. However, PSS do not automatically lead to a reduction in 
resource use, as previously highlighted by several authors (e.g. Tukker 2004; Pigosso et al. 2010; 
Kjaer et al. 2016; Tukker and Tischner 2006b). In addition, strategies aiming at resource reduction 
do not automatically lead to an enhanced sustainability performance (Bilitewski 2012; Andersen 
2007). In the above-mentioned special issue on CE, an important question (among others) was 
raised: “when do CE practices lead to net environmental benefits?” (Bocken et al. 2017, p. 1). This 
was on the agenda in Zink and Geyer (2017)’s paper on CE rebounds, explicitly challenging the 
ability of CE to live up to the concept’s intuitive promise of reducing environmental impacts 
through less production and consumption. While their argumentation adds valuable inputs to the 
discussion we aim to raise with this forum paper, there is still a need to explicitly address and 
clarify the resource decoupling potential of CE strategies in the context of PSS. Resource 
decoupling represents the aim of decoupling economic growth from resource consumption. 
Resource decoupling seeks to reduce the rate of resource depletion and costs by raising resource 
productivity, which is expected to simultaneously reduce environmental impacts (UNEP 2011). 
Resource decoupling can be relative or absolute. While relative resource decoupling focuses on 
obtaining less environmental damage per growth rate, absolute resource decoupling occurs when 
the resource use declines, irrespective of the growth rate of the economic driver (UNEP 2011). In a 
growing population with an increasing average income, absolute decoupling will occur when the 
rate of relative decoupling is greater than the rates of increase in population and income combined 
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(Jackson 2009). Since relative decoupling is not enough to ensure an overall decline in resource 
consumption, this paper focuses on absolute resource decoupling.   
The questions we aim to answer with this forum paper are: “When does PSS enable a CE 
strategy? And when does a CE strategy lead to absolute resource decoupling?”  
With this paper, we wish to inspire a more critical view when proposing PSS as means to enable 
CE. Such proposals should be supplemented with arguments on how the PSS enables a relative 
resource reduction and ultimately how absolute resource decoupling can be ensured. Therefore, we 
provide an initial attempt to show the complex route from PSS to absolute resource decoupling with 
the purpose to initiate a discussion on how to guide future research that can help increase the 
probability of CE strategies actually fulfilling the ultimate sustainability-related goal of absolute 
resource decoupling. 
 
<heading level 2> Aims and limitations of CIRCULAR ECONOMY (CE) 
While the concept of CE and its practice have been mostly developed and led by practitioners, 
i.e. consultants, business foundations and policy-makers, the scientific research content is still 
young (Korhonen et al. 2018). CE traces back to different schools of thought (Ghisellini et al. 
2016), ranging from Environmental Economics to General Systems Theory, from Industrial 
Ecology to more recent theories about the Performance Economy (Stahel 2010), Cradle-to-Cradle, 
(McDonough and Braungart 2002), Biomimicry (Benyus 2002) and Blue Economy (Pauli 2010).  
Blomsma and Brennan (2017) found that CE offers a new framing around the multitude of waste 
and resource strategies and provides a discursive space for debate on how they relate to each other 
in terms of trade-offs and synergies. 
Geissdoerfer et al. (2017) combined different contributions in the field and defined CE as “a 
regenerative system in which resource input and waste, emission, and energy leakage are 
minimized by slowing, closing, and narrowing material and energy loops. This can be achieved 
through long-lasting design, maintenance, repair, reuse, remanufacturing, refurbishing, and 
recycling” (p. 759). As such, CE incorporates several actions for waste minimization and reduction 
of virgin resource consumption, all of which are linked to the three main “actions” within the 3R´s 
principles: Reduce, Reuse and Recycle (Ghisellini et al. 2016). A comprehensive review of CE 
definitions by Kirchherr et al. (2017) showed that the 3R framework was the most commonly 
employed conceptualization of the ‘how-to’ of CE. The 3R’s are embedded in the well-known CE 
illustration, depicting the so-called technical and biological metabolisms (Ellen MacArthur 
Foundation 2013). The technical metabolism illustrates how the value of technical materials should 
be kept through continuous loops based on strategies such as maintain (i.e. inner loop based on 
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reduce), reuse/redistribute and refurbish/remanufacture (i.e. middle loops based on reuse), and 
recycle (i.e. outer loop).  
Some authors challenge the focus of CE on waste minimization and resource reduction. They 
emphasize the beneficial design and innovation opportunities of the CE (e.g. De Pauw et al. 2014; 
Braungart et al. 2007; McDonough and Braungart 2013) and argue for the importance of supporting 
“eco-efficiency” with “eco-effectiveness”, where products maintain their value over time to 
positively recouple the relationship between economy and ecology (Ellen MacArthur Foundation 
2013).  
In this paper we take the position that the ultimate aim of CE is to keep the value of products, 
materials and resources in the economy for as long as possible, and to minimize waste generation, 
i.e. ultimately reducing resource consumption. Furthermore, CE as a concept also focuses on 
economic value creation (Lieder and Rashid 2015). Thus, we believe that the CE concept should 
aim at combining an overall reduction in resource consumption with business opportunities, i.e. to 
ensure absolute resource decoupling. Making absolute resource decoupling operational in a business 
context is however not straightforward and some challenges have to be overcome. 
While CE strategies may incorporate all of the 3R’s, CE practitioners often emphasise circular 
strategies aiming at “closing loops”, i.e. reuse and recycle (Kirchherr et al. 2017). A challenge here, 
however, is that initiatives aimed at reusing and recycling resources will only reduce primary 
production when secondary products/materials actually displace the primary production (Zink and 
Geyer 2017). In a reality of growing demands, secondary (reused/remanufactured/recycled) 
products are often sold in addition to primary (new) products, resulting in environmental impacts of 
both the primary and secondary production  (Zink and Geyer 2017). Thus, in order to ensure a net 
resource reduction, CE strategies based on reuse and recycle should confirm that actual 
“displacement” takes place. Furthermore, Geissdoerfer et al. (2017) found that “…it seems clear to 
most authors that the Circular Economy is aiming at a closed loop, eliminating all resource inputs 
and waste and emission leakages of the system…” (p. 8). If this is truly the goal of CE and the 
perception within the CE community, this would ignore that also circular systems consume 
resources and create waste and emissions. There are technical limitations to materials recycling 
(Grosso et al. 2017) as well as dissipative losses in any loops, thus the vision of 100% material 
recycling may still be regarded as only theoretically possible in a distant future (Korhonen et al. 
2018), and the feasibility of a closed loop economy is still unknown (Haupt and Zschokke 2017).  
Another issue in assessing the effectiveness of CE strategies is to avoid to optimize one stage of 
the life cycle (e.g. end-of-life) at the expense of other stages (e.g. production) (Niero and Hauschild 
2017). A systemic life cycle perspective is therefore needed to avoid such burden shifting between 
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life cycle stages. Lastly, when discussing the transition from a relative to absolute resource 
reduction, evidence is emerging in the literature, detailing the challenge of overcoming the effect by 
which improvements in efficiency lead to increases in the quantity of goods and services that are 
provided and consumed, namely “rebound effects” (Dahmus and Gutowski 2011). Speculations or 
reports about rebound effects are also evident in connection with CE (Haupt and Zschokke 2017;  
Bocken et al. 2014;  Dahmus and Gutowski 2011; Korhonen et al. 2018).  
 
<heading level 2> Aims and limitations of PRODUCT/SERVICE-SYSTEMS (PSS) 
Even though PSS originates from a strong sustainability perspective, a shift in focus from 
environmental benefits to economic benefits has occurred during the last decade (Haase et al. 2017). 
PSS are increasingly seen as business strategies created by companies that intend to strengthen their 
market position and create a competitive advantage by other than traditional transactional product 
sales. 
The most dominant way of describing PSS in the literature (Tukker 2015) distinguishes three 
types of PSS, as follows: 
• Product-oriented PSS: Products are sold to the user, but additional services are added, such 
as maintenance or product-related consultancy. 
• Use-oriented PSS: The business model is geared towards selling the product function, i.e. 
through leasing or renting and the product remains the ownership of the PSS provider. 
• Result-oriented PSS: The business model is geared towards selling a result and is as such 
closest to offering a pure service, where no predetermined product is involved.  
PSS is often recognized as a promising approach to enhance the sustainability performance of 
traditional product systems, due to its potential to improve resource efficiency by extending the 
product lifetime and decoupling value from the delivery of physical products. However, PSS are no 
guarantee for resource reduction, let alone absolute resource decoupling. For example, product 
leasing is not automatically “greener” (Agrawal et al. 2012), but might in contrast inspire more 
frequent replacements of products. Also, in the case of sharing systems such as car-sharing, these 
systems often lead to more people gaining easier access to products (Madsen 2015), which will 
ultimately increase consumption rather than avoiding it. Take-back services may entail product 
redistribution and remanufacturing. However, as also discussed in relation to CE, second-hand 
products do not always replace new products (Thomas 2003), and when sold at lower prices the 
result is often an overall increase in consumption. From a business perspective, this is positive, as it 
avoids the cannibalization of the current market for new products, but it does not lead to overall 
resource reduction. 
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Rebound effects in relation to PSS are also a commonly known issue (Kjaer et al. 2016), because 
a PSS often causes changes in user behavior, which counteracts the resource reduction potential 
(Mylan 2015; Goedkoop et al. 1999). 
 
<heading level 2> From PSS to absolute resource decoupling - A proposed two-step framework 
So, how to increase the likelihood of PSS to lead to absolute resource decoupling through CE? 
We suggest a two-step framework, where firstly, (i) the PSS should enable a relative resource 
reduction to qualify as a CE strategy (PSS→CE strategy) and secondly (ii), the CE strategy must 
ultimately lead to absolute resource decoupling (CE strategy→absolute resource decoupling).  
The framework was developed through a review of literature on PSS strategies and their 
potential to enable absolute resource decoupling. The scientific databases Scopus and Web of 
Science were searched for journal articles from year 2000 to August 2017, where the resource 
and/or environmental impact reduction potential of PSS where either assessed (qualitatively or 
quantitatively) or discussed. Keywords included: “product service system” and related synonyms 
(e.g. integrated solution, functional offering) and “sustainability evaluation” and related synonyms 
(e.g. life cycle assessment, eco-efficiency). Through citation analysis, the collection was enhanced 
with relevant conference papers and grey literature (reports). Based on screenings of titles and 
abstracts, a total of 106 publications were collected, composing 15 review articles, 65 conceptual 
publications (primary focus to discuss PSS or propose assessment methods) and 26 case studies 
(primary focus to assess specific PSS cases). Based on the review, five distinct PSS strategies were 
identified and on the basis of how the literature discusses their resource reduction potentials, four 
PSS enablers of resource reduction were derived. These are presented in the subsequent section, 
presenting step one of the framework. The second step of the framework was developed on basis of 
the same review, now with the aim of identifying challenges and limitations for PSS to result in 
absolute resource decoupling. Through the lenses of life cycle assessment (LCA) methodology, 
which is recognized as an important decision support tool in the CE context (Strothman and 
Sonnemann (2017); Haupt and Zschokke (2017)), a supplementary review of literature discussing 
limitations of CE and resource efficiency was conducted as presented in the introduction section of 
this paper. The challenges and limitations for PSS and CE to lead to absolute resource decoupling 
were consolidated into three subsequent requirements, composing step two of the framework.  
 
<heading level 1> Framework step one: PSS enablers of resource reduction 
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Figure 1 shows the overall framework, comprising the two steps. This section discusses step one, 
where the PSS enablers of resource reduction are linking PSS to CE strategies through two 
intermediaries: the PSS strategies (the business actions) and the resource reduction aims. 
 
Figure 1: A two-step framework from PSS to Circular Economy strategy to absolute resource 
decoupling. 
<heading level 2> PSS strategies 
Five PSS strategies were identified through the literature review. The references presented are 
categorized as follows: A: Review paper; B: Conceptual publication; C: Case study.  
 
• “Operational support”: The PSS provider supports the product operation, e.g. through 
performance monitoring or training of customer personnel. (Bocken et al. 2014 (A); 
Bartolomeo et al. 2003 (B); Pagoropoulos et al. 2017 (C)) 
• “Product maintenance”: The PSS provider maintains the product during use, e.g. through 
preventive maintenance, repair or upgrades. (Bocken et al. 2014 (A); Bartolomeo et al. 
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2003 (B); Manzini and Vezzoli 2002 (C); Bennett and Graedel 2000 (C); Lindahl et al. 
2014 (C)) 
• “Product sharing”: The PSS provider combines retained ownership (i.e. product rental) 
with sharing of resources amongst users. (Bartolomeo et al. 2003 (B); Firnkorn and 
Müller 2011 (C); Amaya et al. 2014 (C); Mont 2004 (C)) 
• “Take-back/EoL management”: The PSS provider is in charge of end-of-life (EoL) 
management and decides how products are reused, remanufactured, refurbished, recycled 
etc. (Bocken et al. 2014 (A); Bartolomeo et al. 2003 (B); Manzini and Vezzoli 2002 (C); 
Kerr and Ryan 2001 (C); Lindahl et al. 2014 (C)) 
• “Optimized result”: The PSS provider delivers a functional result and dematerializes the 
offering (e.g. substitute physical transport with videoconference services). (Bartolomeo et 
al. 2003 (B); Manzini and Vezzoli 2002 (C)) 
 
Table 1 summarizes the five PSS strategies and introduces how they can support four different 
PSS enablers of resource reduction (hereafter “PSS enablers”). Three out of the five PSS strategies 
can support more than one PSS enabler. A PSS might incorporate one or more PSS strategies (as 
when combining product sharing and different EoL strategies in a rental scheme, as exemplified in 
Allais and Gobert (2016)) and thereby also combine more than one PSS enabler. Each of the four 
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Table 1: PSS strategies supporting four different PSS enablers of resource reduction.  
PSS strategy 
[type of PSS] 
PSS enabler of resource reduction 
“Operational support” (e.g. performance monitoring, 
training of customer personnel) 
[Product-oriented, use-oriented, result-oriented] 
(1) Operational efficiency 
“Product maintenance” (incl. repair, upgrades etc.) 
[Product-oriented, use-oriented, result-oriented] 
(1) Operational efficiency 
(2) Product longevity 
“Product sharing” 
[Use-oriented, result-oriented] 
(3) Intensified product usage 
(4) Product system substitutions 
“Take-back/EoL management” (for re-use, re-
manufacturing, refurbishing, recycling etc.) 
[Product-oriented, use-oriented, result-oriented] 
(2) Product longevity 
(4) Product system substitutions 
“Optimized result” (e.g. substitute physical transport with 
videoconference services) 
[Result-oriented ] 
(4) Product system substitutions 
 
<heading level 2> PSS enabler: Operational efficiency 
Operational efficiency is particularly relevant for product categories that are resource intensive 
during the use stage. Especially for energy-consuming products with long life cycles (washing 
machines, tumble driers, weaving machinery, irons, etc.), the use stage typically dominates in terms 
of resource consumption (Nordic Council of Ministers 1997; WRAP 2010). For these products, 
correct maintenance and efficient operation can lead to significant reduction of the overall amount 
of consumed resources, e.g. a shift of the spin speed of a dryer from 1200 rpm to 1500 rpm could 
result in savings of 0.3 kWh per cycle (DEFRA 2009). 
PSS that incorporate operational efficiency have the potential to minimize resource consumption 
during the use stage by supporting the user to lower the demand for energy and materials. 
Operational efficiency can be embedded in all three types of PSS: 
• Product-oriented: the PSS provider sells the product and supplement with after-sales 
services such as consultancy services, user training, maintenance support and equipment 
upgrades;  
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• Use-oriented: the PSS provider retains ownership of the product and is therefore usually 
responsible for maintaining the product and making sure that the product is operated 
efficiently;  
• Result-oriented: the provider’s responsibility is expanded to ensure that the product(s) 
needed to deliver the result are available. As the user pays for the results, the provider has 
incentives to ensure operational efficiency as it will directly increase their turnover by 
minimizing the resource consumption. Furthermore, activity-based consultancy offers may 
be directly linked to ensuring resource reduction as is known from ESCO agreements 
(focused on energy savings – Energy Savings COmpany) and MASCO agreements (focused 
on material savings – Materials Savings COmpany) (Anttonen 2010). 
 
<heading level 2> PSS enabler: Product longevity 
The fast turnover of products (mass consumption) has been highlighted as a resource-related 
problem for many product-groups including consumer electronics (Kalmykova et al. 2015) and 
clothing (Mair et al. 2014; Tojo et al. 2012) due to planned, technological and perceived 
obsolescence. Bakker et al. (2014) mapped the environmental impact of refrigerators and laptops 
and found that despite their increasing energy efficiency over time, product life extension (through 
longer product life, refurbishment and remanufacturing) is (currently) the preferred strategy.  
PSS incorporating product longevity aim to support users to keep products in use longer, i.e. 
extending the use stage and thereby potentially minimizing resource consumption in the whole life 
cycle. All three types of PSS might incorporate product longevity:  
• Product-oriented: after-sales services aiming to support correct maintenance, care taking, 
and potentially upgrading can enable not only operational efficiency, but also lead to the 
products staying in use for longer time, thereby prolonging their lifetime; 
• Use-oriented: after-sales services might be intensified when the product is controlled and 
maintained by the provider. Furthermore, the provider has the opportunity to facilitate direct 
product reuse, e.g. through re-leasing schemes; 
• Result-oriented: offers the biggest potential, as the customer pays for the service delivered 
(Tukker 2004). Product longevity would ensure that fewer products are needed to deliver the 
result, which would maximize the providers’ profit. Similar to activity 
management/outsourcing (Tukker 2004), independent consultancy aimed at supporting 
product longevity can also be seen as a type of result-oriented PSS, where the service 
provider has no direct connection to the production of the products, but merely supports the 
user to keep products in use longer.  
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<heading level 2> PSS enabler: Intensified product usage 
Intensified product usage is enabled through product sharing. Sharing systems are classic within 
the PSS literature (e.g. Baines et al. 2007; Mont 2004) and the notion of the “sharing economy” is 
becoming more and more prevalent in the public debate (Gelbmann and Hammerl 2014; Madsen 
2015), also in relation to CE (Ellen MacArthur Foundation 2015b). Product sharing is considered a 
sub-category of use-oriented PSS (Tukker 2004), but intensified product usage might also be 
utilized in a result-oriented PSS:  
• Product-oriented: not relevant 
• Use-oriented: Product sharing presents an opportunity to intensify the usage of products 
that are sub-utilized during their lifetime (Mont 2004). This can be products that are only 
used occasionally (e.g. garden equipment such as hedge trimmers or dresses for gala 
dinners) or are only in use for a short period (e.g. baby clothes). In these cases, renting 
the product in a use-oriented PSS setup may displace individual ownership, and thereby 
reduce the need for producing the product.  
• Result-oriented: the PSS provider might choose to intensify the usage of the products 
needed to provide the result in order to exploit unutilized product capacity. 
 
<heading level 2> PSS enabler: Product system substitutions  
This enabler focuses on supporting product system substitutions. This can be considered at the PSS 
level, where shifts in the way the user fulfils the need is supported (e.g. substituting physical 
transport with videoconferences), or at the product level, where shared, reused products or recycled 
materials substitute other more resource intensive products (e.g. when a car sharing system utilizes 
electric cars). The enabler can be incorporated in all three types of PSS:  
• Product-oriented: The PSS provider might offer an after-sales take-back service; enabling 
that product parts and materials can enter into new applications, where they substitute 
other products and materials. 
• Use-oriented: Take-back options are even more profound, since product ownership stays 
with the PSS provider. A use-oriented PSS often change the way users fulfill their needs 
and thereby substitute other product systems during the use-stage. Shared products are 
often offered on a platform for users (e.g. a car-sharing system or digital music platform), 
where it displaces other types of product systems (e.g. public transport or CDs). For these 
cases ensuring that more resource-intensive systems are substituted can be challenging, 
since the provider usually has no or limited control over which users decide to use the 
system (Kjaer et al. 2016).  
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• Result-oriented: the PSS provider has - in principle - the greatest control over the 
resources required to fulfill the user’s need, which enables shifting the products and 
technologies used to deliver the result. 
 
<heading level 2> Resource reduction aims 
Three resource reduction aims are derived from the four PSS enablers (Figure 1). These are: 
• “Reduce the need for resources during product use”: the intention is to minimize the need 
for resources during product use through a direct influence in the use stage of the product 
life cycle. The PSS enabler is operational efficiency supported by the PSS strategies 
“operational support” and/or “product maintenance”.  
• “Reduce the need for producing the product”: the intention is indirectly to minimize 
resources usage during production and EoL stages of the product life cycle by increasing 
product utility in the use stage. The PSS enablers are: intensified product usage supported 
by the PSS strategy “product sharing”, or product longevity supported by the PSS 
strategies “product maintenance” and/or “Take-back/EoL management” for direct reuse.  
• “Displace more resource intensive systems”: the intention is to direct the PSS or 
components of the PSS (products or materials) towards displacing alternative systems, 
products or materials in a way that enables a net resource reduction. The PSS enabler is 
product system substitution, supported by the PSS strategies “optimized result” and/or 
“Take-back/EoL management” and/or “product sharing”.  
 
<heading level 1> Framework step two: Requirements for absolute resource decoupling  
The limitations of CE and PSS, discussed in the introduction, were consolidated into three 
subsequent requirements for absolute resource decoupling: Ensure net resource reduction, avoid 
burden shifting between life cycle stages, and mitigate rebound effects (Figure 1). Each of the three 
is presented in the following. 
 
<heading level 2> Ensure net resource reduction 
The primary requirement for a PSS to lead to absolute resource decoupling is that it actually 
enables net resource reduction. Ensuring that all relevant comparable alternatives (displaced 
systems) are included and that all relevant processes (inputs) are taken into account are crucial 
aspects when objectively evaluating the environmental performance of a PSS (Kjaer et al. 2016). 
This may be illustrated through a simple equation: 
𝑛𝑛𝑛𝑛𝑛𝑛 𝑟𝑟𝑛𝑛𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑛𝑛 𝑟𝑟𝑛𝑛𝑟𝑟𝑟𝑟𝑟𝑟𝑛𝑛𝑟𝑟𝑟𝑟𝑛𝑛 = 𝑎𝑎𝑎𝑎𝑟𝑟𝑟𝑟𝑟𝑟𝑛𝑛𝑟𝑟 𝑟𝑟𝑛𝑛𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑛𝑛𝑟𝑟 − 𝑟𝑟𝑛𝑛𝑟𝑟𝑟𝑟𝑟𝑟𝑛𝑛𝑟𝑟 𝑟𝑟𝑛𝑛𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑛𝑛𝑟𝑟 
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The resource reduction (and related environmental impact reduction) potential depends on the 
resources avoided in the displaced systems (also taking into account the displacement rate) and the 
induced (added/incurred) resources needed for offering the PSS. The principle is the same as shown 
by Zink and Geyer (2017) in the case of recycling: the environmental benefit is the difference 
between incurred impacts of reprocessing and avoided impacts of primary production.  
  The requirement “ensure net resource reduction” can be viewed from different perspectives for 
each aforementioned PSS enabler:  
• Operational efficiency: the induced processes stemming from the service itself (e.g. 
increased consumption of monitoring equipment, spare parts and upgrades, added 
logistics and indirect resource consumption from the service administration) need to be 
accounted for and must not exceed the avoided resource consumption in the receiving 
system.  
• Product longevity: it needs to be ensured that the same demand is in fact fulfilled using 
fewer resources, since the aim is to “reduce the need for producing the product”. Factors 
such as technological and perceived obsolescence where products are discarded despite 
still being well-functioning (Ongondo and Williams 2011; Kalmykova et al. 2015) might 
counteract the intention of product life extension.   
• Intensified product usage: it needs to be ensured that there is in fact an unexploited 
potential for sharing in the existing market and that customers will accept to share 
product utility as a displacement of individual ownership (in order to successfully 
“reduce the need for producing the product”).  
• For product system substitutions, the aim of “displacing more resource intensive 
systems” should help meet the requirement of net resource reduction, as one needs to 
compare the PSS against the displaced systems, in order to conclude that the aim is 
supported. For example, when a PSS includes a take-back system, which enables 
“recycling”, the resource reduction potential depends on what the recycled material 
displaces. This also applies for shared products that displace alternative products systems.  
The net resource reduction can be improved by designing and supporting the PSS, in order to 
displace systems where most resources are avoided. Furthermore, since a PSS utilizes materials and 
products, it can be investigated how the PSS can be optimized through ecodesign (Salazar et al. 
2014), in order to reduce the induced resources.  
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<heading level 2> Avoid burden shifting between life cycle stages 
Optimizing one life cycle stage might increase resource consumption in other life cycle stages. 
This is sometimes referred to as burden shifting between life cycle stages (Laurent et al. 2012). 
Avoiding burden shifting between life cycle stages is especially relevant for strategies aimed at 
supporting specific life cycle stages. As such, a PSS focused on operational efficiency might entail 
redesigning the product, essentially affecting the resource use during production and/or EoL, 
potentially resulting in burden shifting. Similarly, product longevity and intensified product usage 
often require better quality products designed for high durability. This may result in a higher 
resource demand per product produced and if this is the case, the increased durability needs to make 
up for the increased upstream resource consumption. Also, for energy-consuming products, 
extending product life cycles directly or through reuse and remanufacturing is not necessarily better, 
as remanufactured products might be less energy efficient than new product generations (Gutowski 
et al. 2011). To support this, Bakker et al. (2014, p. 12) defined the “optimal product lifespan” as 
“the point in time where the environmental impacts that arise from using a product equal the 
embedded impacts of a (more energy efficient) replacement product.” What these examples have in 
common is that the total resource use in a life cycle perspective, as well as external drivers that 
might affect the individual life cycle stages, need to be taken into account when evaluating and 
designing a PSS. In order to deal with the inherent complexity of the design task, several PSS 
design guidelines and tools have been developed over recent years (Tukker and Tischner 2006a; 
Manzini and Vezzoli 2002; Ceschin 2014; Chen et al. 2015; Bey and McAloone 2006; Morelli 
2006; Pigosso and McAloone 2016), aiming to support the development of sustainable PSS.  
 
<heading level 3> Mitigate rebound effects  
All four PSS enablers ultimately aim to reduce the amount of resources required to fulfil users’ 
needs. Thus, they have the potential to lead to resource decoupling in relative terms, however not 
necessarily in absolute terms. Absolute resource decoupling can only be ensured when taking into 
account so-called “rebound effects”.  
Rebound effects occur when a product is offered at a lower price, which is often the case with 
shared, reused or recycled products. The saved money will be spent on alternative consumption, 
which requires additional resources (Fumikazu et al. 2001; Oberender and Birkhofer 2004; 
Scheepens et al. 2016). Furthermore, rebound effects are not only caused by changes in price, but in 
principle by all constraints that are affected by the utility-level of a product (Hofstetter and Madjar, 
2003 apud Vivanco and Voet, 2014). Rebound effects may be defined as “the derived changes in 
production and consumption when the implementation of an improvement option liberates or binds 
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a scarce production or consumption factor” (Weidema et al. 2009, p. 23). In an even broader 
understanding, a rebound effect occurs when the actual resource reduction from an improvement is 
less than expected because of behavioral or systemic responses. Adapted user behavior is a common 
cause of rebound effects, e.g. when a more fuel efficient car incentivizes users to drive more. 
Whereas rebound effects may be difficult to avoid completely, eco-efficient value creation 
(Scheepens et al. 2016) has been proposed as a mean to mitigate them. Eco-efficient value creation 
is the process of designing value-adding activities, which positively influence the customer´s 
perceived value, resulting in a higher “Willingness To Pay” for resource-efficient solutions, 
essentially mitigating the economic rebound effect (Scheepens et al. 2016). The strategy could thus 
be to ensure that the overall economic spending on needs fulfilment is not decreasing.  
A PSS may have the advantage that saved money stemming from reduced resource consumption 
is at least partly spent on the services (e.g. consultancy). Provided that the money spent on 
consultancy equates to or exceeds the amount of money saved from buying fewer products, the 
economic rebound effect could be partly mitigated, since more service-intensive uses typically have 
lower impacts per money spent than product-intensive uses (Kjaer et al. 2015). 
However, rebound effects will often occur as a result of mechanisms outside the direct control of 
the PSS provider. Especially structural rebound effects (systemic market response to changes in 
aggregated total demand) and transformational rebound effects (systemic societal response to 
changes in e.g. consumers’ preferences or social institutions) (Vivanco and Voet 2014) can be 
difficult to mitigate. Furthermore, the above proposals only target the economic rebound effects. 
Adapted user behavior caused by changes in other consumption factors such as changes in time or 
space are not accounted for. 
 
<heading level 1> Application of the framework  
 
The framework is applied as follows: 
1. Understand how the PSS leads to a CE strategy 
a. Identify the PSS enablers of resource reduction and the resource reduction aims.  
b. Describe the conditions for the enablers and aims. 
2. Understand how the CE strategy leads to absolute resource decoupling 
a. Check under which circumstances the requirements for absolute resource decoupling 
are fulfilled. 
b. Describe the potential limitations of the PSS to fulfil the requirements. 
In order to exemplify the application of the proposed framework when analyzing PSS solutions, 
we present illustrative cases of PSS in the Danish textile industry, obtained by means of a literature 
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review. The cases are exemplary and were selected based on their potential to allow an enhanced 
understanding of the defined PSS enablers and the requirements for absolute resource decoupling.  
We chose the textile industry due to its potential to transition towards CE (Ellen MacArthur 
Foundation 2013). Many textile products such as clothing have short life cycles and depending on 
the type of fibers, textile production consumes high amounts of energy and water, and results in 
significant greenhouse gas emissions (Business for Social Responsibility 2009). In addition, 
resources are consumed due to the need for laundering, during the use stage. Clothing PSS such as 
take-back systems, swaps and subscriptions may provide the industry with a mechanism to increase 
factors such as product quality and longevity (Armstrong et al. 2015).   
In this paper, the proposed framework is intended for generic use and the principles apply to both 
business-to-business (B2B) and business-to-consumer (B2C) relationships. For each illustrative 
case, the user segment will be stated.  
 
<heading level 2> Laundry-service (vs. home-washing) (B2C) 
For many everyday textiles, laundering in the use stage represents the most resource-intensive 
process throughout the product life cycle (Business for Social Responsibility 2009). Professional 
laundry-service companies offer a result-oriented business model, where customers pay for clean, 
dry textiles and the logistics associated with collection and delivery. Among others, the Danish 
company Washa (Washa 2016) provides such a service. Due to economies-of-scale, there is a 
potential for a professional laundry service to increase resource efficiency of the washing process, 
compared to traditional home-washing (Heiskanen and Jalas 2003). The framework elements are 
discussed in Table 2. 
 
Table 2: Laundry-service (vs. home-washing) 
PSS type Result-oriented 
User segment B2C 
PSS→CE strategy 
  Conditions 
PSS enabler of resource 
reduction 
Operational efficiency The PSS enables operational efficiency 
during the process from dirty to clean 
textiles. 
Resource reduction aim “Reduce the need for resources during 
use” 
The aim should be to reduce the resources 
used for laundering the textiles in the use-
stage. 
CE strategy→absolute resource decoupling 
 Requirement is fulfilled, when… Limitations 
Ensure net resource 
reduction 
…resources needed during the process 
from dirty to clean textiles in households 
(without the PSS) 
> (are higher than) 
Requirement fulfilment depends on how 
the laundry was previously done at the 
household (e.g. if it included tumble-
drying) and how the PSS is designed, 
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Resources needed during the process 
from dirty to clean textiles in PSS 
(including transport/infrastructure, 
washing, drying etc.) 
including how the textiles are transported 
(the infrastructure) and the type of energy 
used at the washing facility. As such, 
induced processes such as transport needed 
for collection and delivery as well as 
increased tumble drying have to be 
accounted for (Heiskanen and Jalas 2003). 
Furthermore, the displacement rate might 
not be 1:1 and some PSS users might still 
do some of their laundry at home in 
addition to the laundry service. 
Avoid burden shifting 
between life cycle stages 
…the textiles’ durability is not affected Going from home-washing to a laundry-
service might introduce burden shifting 
between life cycle stages of the textiles. It 
needs to be ensured that e.g. increased use 
of automated drying is not resulting in 
increased abrasion of the textiles, 
potentially resulting in decreased durability 
(textiles needs to be discarded more often). 
Mitigate rebound effects …the laundering frequency is not 
affected and value-adding low-resource 
intensive services mitigate or exceed any 
potential costs-savings  
A direct rebound effect occurs if the users 
start to have their laundry done more often 
as a result of increased convenience and 
time saved. Indirect rebound effects occur 
if users save money by using the service 
compared to paying for a washing machine, 
water, electricity etc. at home. It should be 
noted, that the contrary might also be the 
case if the service is more expensive for the 
user. In this case, the rebound effect would 
be “negative” (which would mean a 
positive result in terms of resource 
reduction).  
 
<heading level 2> Subscription to children’s clothing (B2C) 
Small children usually outgrow their clothes before they are worn out. Unless the clothes are 
passed on to siblings or others, this results in premature disposal and an unutilized potential for 
product sharing or reuse. The Danish company Vigga (Vigga 2016) offers subscriptions to high 
quality children’s clothing based on a use-oriented business model. As the child grows, items are 
replaced with new clothing. Clothing is returned to Vigga where it is laundered and subsequently 
reused by a new subscriber. The framework elements are discussed in Table 3. 
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Table 3: Subscription to children’s clothing 
PSS type Use-oriented 
User segment B2C 
PSS→CE strategy 
  Conditions 
PSS enabler of resource 
reduction 
Product longevity The PSS enables product longevity by 
avoiding premature disposal (when the 
clothes are disposed of after initial use). 
PSS enabler of resource 
reduction 
Intensified product usage The PSS enables intensified product usage 
by avoiding unutilized capacity (when after 
use, the clothes are stored in e.g. a closet). 
Resource reduction aim “Reduce the need for producing the 
product” 
 
The aim should be to reduce the production 
of new garments through displacement of 
individual single-use ownership. 
CE strategy→absolute resource decoupling 
 Requirement is fulfilled, when… Limitations 
Ensure net resource 
reduction 
…resources needed for needs fulfillment 
(e.g. clothing of child from 0 to 2 years) 
without Vigga subscription 
>(are higher than) 
Resources needed for needs fulfillment 
(e.g. clothing of child from 0 to 2 years) 
with Vigga subscription  
 
The displacement of resources might be 
lower than expected due to the fact that 
children’s garments already circulate in and 
between households through informal 
channels. This is often left out in statistics, 
but needs to be taken into account when 
assessing the potentials of reuse schemes 
(Laitala and Klepp 2015; Madsen 2015). 
Also induced resources stemming from 
logistics and supporting IT platform should 
be accounted for in the PSS to ensure net 
resource reduction. 
Avoid burden shifting 
between life cycle stages 
…additional resources are not required 
during production and end-of-life 
The clothes need to be designed for high 
durability. However, since product design 
is part of the Vigga concept, careful 
selection of materials and production 
methods could help avoid burden shifting. 
Mitigate rebound effects …value-adding low-resource intensive 
services mitigate or exceed any potential 
costs-savings 
Requirement fulfilment depends on 
whether users save or spend more money as 
a result of subscribing to the service. 
Other changes in user behavior than what is 
captured here might trigger rebound effects 
(e.g. if users save space in closets, they 
might consume more of other products). 
 
 
<heading level 2> Leasing of textiles in the healthcare sector (B2B) 
In a recent publication, EMF has assessed the circular potential for a number of Danish sectors 
including healthcare (Ellen MacArthur Foundation 2015b). According to the publication, leasing of 
clean textiles represents the most widely adopted performance-based business model in the Danish 
healthcare sector. The business model is a result-oriented PSS that provides textiles, laundry-service 
and associated logistics, which in principal means that all of the four PSS enablers (see Table 1) 
may be utilized. However, in this example, we focus on the potential product system substitution in 
the EoL stage. Due to the fact that the PSS provider retains ownership of the textiles, they also have 
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the option to plan for EoL strategies. Garments from the hospitals can be reused or recycled into 
new applications and thereby displace alternative production of raw materials. The Danish 
company, De Forenede Dampvaskerier (DFD), caters for a number of Danish hospitals and due to 
economies-of-scale, the PSS provider can guarantee a large volume of homogenous textiles. This 
entails that EoL strategies may become profitable as an alternative to pay for waste handling fees. 
DFD is exploring this potential in collaboration with designers, and currently one EoL strategy is to 
reprocess worn-out work clothes into construction materials and furniture (De Forenede 
Dampvaskerier 2017). The framework elements are discussed in Table 4. 
 
Table 4: Leasing of textiles in the healthcare sector 
PSS business model Result-oriented 
PSS type B2B 
PSS→CE strategy 
  Conditions 
PSS enabler of resource 
reduction 
Product system substitutions The PSS provider retains ownership of the 
textiles, and at EoL the textiles are recycled 
into new applications, thereby substituting 
different product systems (in this case 
construction materials and furniture). 
Resource reduction aim “Displace more resource intensive 
systems”  
The aim should be to decrease resource 
usage in the displaced products/materials. 
CE strategy→absolute resource decoupling 
 Requirement is fulfilled, when… Limitations 
Ensure net resource 
reduction 
…resources displaced by the recycled 
textiles 
> (are higher than) 
Resources needed for reprocessing  
When recycling the textiles into 
construction materials and furniture, 
requirement fulfilment depends on the 
alternative materials and manufacturing 
process for these products as well as the 
resources needed for reprocessing the 
textiles. 
Avoid burden shifting 
between life cycle stages 
…the textiles’ durability is not affected 
by “design for EoL” requirements.   
The capability to reprocess the textiles into 
new applications might require that certain 
conditions are in place, which affects the 
other life cycle stages. For example, in 
order to ensure pure fractions, the textiles 
need to be designed in homogeneous 
material, which might affect the durability 
and shorten the product lifespan. 
Mitigate rebound effects …the reprocessed materials/products are 
of high enough quality to compete 
directly with their substitutes. 
Offering the reprocessed material/product 
at a lower prize or targeting niche markets 
will inevitably trigger rebound effects 
(Zink and Geyer 2017) 
 
 
<heading level 1> Concluding remarks 
In this forum paper, we have highlighted the gap between the common CE proposed business 
action "offering products as a service" and the claimed CE goal of resource decoupling, by asking: 
Are PSS for a Circular Economy the route to decoupling economic growth from resource 
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consumption? Our main errand with this paper has been to challenge the research communities 
connected to Industrial Ecology and CE to be more critical, when proposing PSS as means to 
realizing a CE. Our position is that the ultimate aim of CE should be to enable absolute resource 
decoupling, which goes beyond simply extracting more value from resources. Our vehicle for 
discussion has been the proposed two-step framework that links PSS to CE Strategies in the first 
instance, and subsequently CE Strategies to absolute resource decoupling. In the first step of the 
framework we propose four PSS enablers of resource reduction, linking PSS strategies to resource 
reduction aims to qualify it as a CE strategy. Secondly, the framework proposes three subsequent 
requirements for absolute resource decoupling: ensure net resource reduction, avoid burden shifting 
between life cycle stages and mitigate rebound effects. These requirements are not usually 
considered when proposing a PSS, which potentially leads to sub-optimized solutions from an 
environmental point of view. The requirements can also be used as a checklist to avoid claims that 
CE strategies are intrinsically more environmentally sustainable than linear models. As such, the 
proposed analytical framework is a first step towards consolidating an approach for companies and 
institutions to critically analyze alternative PSS strategies and support their refinement towards 
absolute resource decoupling. The framework was demonstrated by analyzing PSS cases within the 
Danish textile industry. The case analyses showed the conditions that needed to be in place for the 
PSS to enable relative resource reduction and exemplified limitations for achieving absolute 
resource decoupling. However, further work is needed to make the framework operational in a 
business context. Enhancement of the proposed framework should be based on a combination of 
theory-driven (e.g. by means of an enhanced systematic literature review) and empirical-driven (e.g. 
evaluation by experts and case studies) strategies. The proposed framework is currently being used 
in connection with the development of guidelines to support objective evaluations of the 
environmental performance of PSS. 
With the aim of stimulating discussion and further dialogue in both academia and in industry, 
regarding the role of PSS in a CE, we invite other scholars to critique and enhance the proposed 
framework. To that end, we propose the following questions: a) In what ways could the two-step-
logic of the analytical framework be further enhanced? b) What would be the best way to test the 
comprehensiveness of the enablers and requirements, as well as the relationships between these? c) 
How can rebound effects triggered by customer behavior, market mechanisms, legislation, technical 
developments, and other circumstances not directly influenced by the providing company be 
addressed in the formulation and realization of  circular economy strategies in the context of PSS? 
d) How can the overall feasibility of a “closed loop economy” and absolute resource decoupling be 
further assessed?  
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A key message in this paper is that investigating the resource decoupling potential of PSS 
requires a system perspective and a life cycle approach. It needs to be ensured that the PSS is 
designed in a way that the provider can add value and create a turnover through service offerings, 
whilst also reducing the overall need for resources. As such, the most important strengths of 
enabling CE strategies through a PSS are 1) the ability to direct and control the use of resources and 
2) the ability to design and implement service-intensive and value-adding offerings, essentially 
dematerializing the need fulfillment and influencing user behavior. However, as long as these types 
of offerings are driven by ensuring economic growth alone, and not by reduced production and 
consumption, the proposed resource reduction aims and the requirements for absolute resource 
decoupling will have a difficult time being fulfilled. It is imperative that the balance of production, 
consumption and wellbeing is addressed as a key goal for societies and the individuals and 
businesses within them to be able to thrive through absolute resource decoupling. 
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